Introdução: Existe crescente evidência da relação entre fatores psicológicos e progressão do cancro colorrectal. Vários mecanismos têm sido propostos porém o mais promissor baseia-se na modulação da resposta imune anti-tumoral pelos fatores psicológicos, particularmente através das células natural killer. Esta investigação teve como objetivo o estudo da relação entre as células natural killer e a ansiedade, a depressão e o estado, traço e expressão da raiva num grupo de 54 doentes pré-cirúrgicos com cancro colorrectal. 
INTRODUCTION
Colorectal cancer is the third most common cancer in men (746 000 cases in 2012) and the second in women (614 000 cases in 2012) worldwide, having a high mortality rate and constituting an important burden in healthcare. 1 Colorectal cancer is frequently associated with anxiety (2.91%) and depression (54.37%) disorders, [2] [3] [4] both considered leading specific causes of years lived with disability (YLDs) in 2010. 5 Anxiety and depression strongly and independently affect health-related quality of life. 6, 7 Depression alone is present in 9.3% -23.0% of patients with chronic physical diseases and carries an important impact on individuals. 8 In fact, depression affects health scores more than other chronic conditions, 8 besides increasing functional disability, lost productivity and health resource utilization in patients with chronic medical conditions. twofold-increased risk for all-cause mortality. 10 In a study conducted with 2924 cancer patients, 7.8% reported having thoughts that they would be better off dead or thoughts of hurting themselves.
11 When considering colorectal cancer alone, almost twice the prevalence (14.3%) of patients with persistent suicidal thoughts was found.
12
Anger is a common reaction among patients with cancer but when maladaptive, anger may be associated with poor functioning levels and have impact on both symptoms (e.g. worsening pain) and outcomes of disorders such as coronary heart disease. [13] [14] [15] Also, emotional repression and negative emotions have been associated in previous studies with changes in immune responses and cancer progression. 16 We now know that psychological morbidity can have an important impact on both quality of life and major clinical outcomes in cancer patients. 17 Prognostic factors able to accurately predict malignant diseases outcome have been widely studied but it has been difficult to ascertain which factors weight more in cancer progression. In colorectal cancer, prognosis is mostly based upon the TNM classification 18 and tumor cell differentiation yet, in recent studies, tumor-infiltrated lymphocytes, particularly CD8
+ and natural killer (NK) cells, have been shown to constitute a better indicator of tumor recurrence than the American Joint Committee on Cancer (AJCC) / International Union Against Cancer (UICC) -TNM staging. [19] [20] [21] Indeed, NK cells are able to efficiently kill transformed cells, and thus represent one of the most important immune cell subset in host anti-tumoral response. 22 Colorectal cancer patients exhibiting higher NK cell counts tend to have longer overall survival and, when assessed by multivariate analysis, NK cell counts are found to constitute an independent prognostic factor of overall survival. 20, 23 In breast cancer patients NK cell activity predicts disease progression and recurrence. 24, 25 Moreover, psychological factors have been demonstrated to impact the immune system and, in particular, to impact NK cells in cancer patients. 26, 27 Steel et al have shown an association between depressive symptoms, decreased NK cell numbers and decreased survival in hepatobiliar carcinoma patients. 28 Also, social support and distress affect cellular immune response both in peripheral blood and at the tumor level. 29 The impact of anxiety, dysphoria and anger on the immune system is not only reflected by a decreased cell number but also by an impaired NK cell activity and response to cytokines. [30] [31] [32] [33] Similar results were found in breast cancer patients with poor adjustment and lack of social support. 34 Psychological factors such as depression not only impair immune parameters as are in fact linked to shortened survival in cancer patients. Loberiza et al found that patients experiencing a depressive syndrome after hematopoietic stem-cell transplantation tend to have decreased survival (at least from 6 to 12 months) when compared to nondepressed individuals. 35 Similarly, depression appears to constitute an important prognostic indicator in breast cancer patients as is evidenced by a higher risk of mortality in patients with this condition. 36 Although several psychological factors have been implicated in the modulation of the immune system in cancer patients, no work exists, to the extent of our knowledge, on the impact of anger on NK cells in colorectal cancer. Furthermore, no group has studied the relation of anxiety and depression with NK cells in the Portuguese population.
Our aim was to investigate whether anxiety, depression, or anger state, trait, and expression had impact on the innate immunity of colorectal cancer patients undergoing surgery, particularly through modulation of the NK cell population. We hypothesized that both clinical anxiety and depression would negatively influence the innate immunity by diminishing the number of circulating NK cells. Also, we postulated that specific patterns of anger expression would have impact on the immune state. Particularly, we theorized that the suppression of angry feelings would have a negative impact on the number of NK cells.
Therefore, we studied anger state, trait, and expression, as well as anxiety and depression, and NK cell count in 54 Portuguese pre-surgical colorectal cancer patients.
MATERIAL AND METHODS Design
A cross-sectional design was applied and data was collected at Santa Maria Hospital, Lisbon, Portugal, from January 2012 to May 2014.
Participants
All participants were colorectal cancer patients undergoing elective surgery and were evaluated for this study the day before the procedure. The patients were informed of the objectives of the study, were assured of their anonymity and confidentiality, and signed an informed consent. The Hospital ethical committee revised and approved this study.
Inclusion criteria were as follows: a clinical diagnosis of colorectal cancer and admission to a surgical ward for elective surgery. All patients who met the inclusion criteria during the aforementioned period were further evaluated for the following exclusion criteria: age below 40 (in order to exclude inherited genetic conditions), unawareness of colorectal cancer diagnosis, inability to comprehend and fulfill what is required and existence of known metastases at the time of surgery. To minimize confounding factors, patients who underwent neo-adjuvant chemotherapy or radiotherapy, or who had high probability of surgical treatment with subsequent colostomy were also excluded from the study.
Instruments
All patients answered a social, demographic and clinical questionnaire and were applied the State-Trait Anger Expression Inventory 37, 38 and the Hospital Anxiety and Depression Scale. 39, 40 Both instruments are translated to
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Portuguese and validated to the Portuguese population. 38, 40 The State-Trait Anger Expression Inventory (STAXI) is a 44-item inventory, divided into six scales and two subscales, which assess anger experience, expression and control. 37, 38 STAXI is comprised of 1) State Anger (S-Anger), which measures the intensity of anger feelings at a giving time; 2) Trait Anger (T-Anger) which measures the differences between individuals in the frequency and disposition for experiencing anger states, including two subscales: a) Angry-temperament (T-Anger/T), which evaluates the general propensity for experiencing and expressing anger feelings with no specific provocation; and b) Angry Reaction (T-Anger/R) which gauges the differences in anger expression between individuals when criticized or unfairly treated; 3) Anger-in (AX/In), which assesses the frequency with which anger feelings are repressed; 4) Anger-out (AX/ Out), which assesses how frequently anger is directed towards other people and objects; 5) Anger Control (AX/ Con), which assesses the frequency with which the individual tries to control the expression of his/her anger; and 6) Anger Expression (AX/EX), which indicates the frequency with which anger is expressed, regardless of how it is expressed. On each of the described scales patients were divided into two groups. Patients with scores above the mean value of a previously described general medical and surgical population 37 were categorized into 'high' while patients with scores below the mean were classified as 'low'.
The Hospital Anxiety and Depression Scale (HADS) is a 14-item questionnaire, of which seven assess anxiety (HADS-A) and seven assess depression (HADS-D). Each item is scored from 0 to 3, to a maximum of 21. 39, 40 Scores between 0 and 7 are considered non-clinical for both depression and anxiety. Scores above 7 in HADS-D or HADS-A represent clinical depression or anxiety respectively, which can be further categorized into mild (8 -10), moderate (11 -14) and severe (15 -21). Cronbach's alpha for the Portuguese version was 0.76 for anxiety and 0.81 for depression (n = 1322). 
Statistical analysis
Statistical analysis was performed using IBM ® SPSS ® Statistics version 22.
Since for each hypothesis test the assumption of both normality (Shapiro-Wilk test) and homogeneity of variance (Levene's test) could not be met, the non-parametric MannWhitney U test was used to compare differences between two independent groups, whereas the non-parametric Kruskal-Wallis test was used to compare differences among three or more independent groups. p values ≤ 0.05 were considered statistically significant. All tests were two-tailed.
RESULTS

Demographics and immunological results
We studied 54 patients diagnosed with colorectal cancer admitted for surgery. Sociodemographic data are represented in Table 1 . Of the 54 patients, two refused to be submitted to venipuncture and therefore lack NK cell counts. Across the 52 patients, NK cell numbers ranged from 0.03 x 10 9 /L to 0.82 x 10 9 /L, with a mean value of 0.283 x 10 9 /L and a standard deviation of 0.182 x 10 9 /L.
Anger state, trait, and expression
Anger Expression-Out appears to significantly influence NK cell count. Patients who frequently direct anger outwards 
Anxiety and depression
Among the 54 patients, anxiety levels ranged from 0 to 17, with a mean value of 6.93 (Table 3) . Less than half of the patients (23 out of 54) had clinical anxiety, which was distributed through mild (20.4%), moderate (11.1%), and severe (11.1%) categories. A total of 57.4% had non-clinical anxiety. As far as depression is concerned, the vast majority (42 out of 54) had non-clinical levels, whereas 22.3% had mild (3 in 12), moderate (5 in 12), or severe (4 in 12) depression. Mean value of depression was 5.5 (range 0 -20) .
No difference in NK cell count was found between patients with and without clinical anxiety, even when clinical anxiety was divided according to severity. Regarding depression, differences among patients with clinical and non-clinical levels were non-significant. Accordingly, differences among severity groups revealed no significance.
DISCUSSION
Our results show that a quarter of colorectal cancer patients (13 in 52) had a temperament characterized by a higher propensity to experience anger states than the general medical and surgical population. Likewise, 26.9% frequently expressed those emotions towards others. These results suggest a possible impairment in the emotional regulation of these patients. Furthermore, this feature appears to play a deleterious role in immune cancer surveillance, as evidenced by the significant lower NK cell count found in patients with a more outward expression of anger (Anger Expression-Out), as well as in patients with higher anger trait and temperament, although the significance could not be reached in the latter, possibly due to the small sample size.
Interestingly, NK cells did not differ according to anger state, suggesting that the psychological immune regulation appears to be achieved in greater extent by intrinsic features of the patients instead of resulting from a transient psychological state. Besides the significance of intrinsic features in immune regulation, it is apparent that the propensity for experiencing anger emotions (Anger Trait Temperament) is important per se in modulating NK cell numbers, independently of the stimuli triggering those same anger states, seeing as the Anger Trait Reaction had no influence in NK cells. Contrarily to our initial hypothesis, we could not find a relation between Anger Expression-In and the number of NK cells. These results are dissonant with other published work, 16 triggering the need for more studies to establish the true impact of repressing angry feelings.
These are novel results since there are very few studies on the relation between anger and NK cells and their results are mainly discrepant 41, 42 and no work exists with colorectal cancer patients, which makes the comparison with our results unreasonable. Surprisingly, we did not find any relation between depression levels and NK cell count, which is contrary to other works. [26] [27] [28] This difference might be the result of lack of statistical power due to the small sample size, in particular due to the large difference between the number of patients with and without clinical depression. Moreover, other authors used different scales to measure depression, which might have resulted in a different selection of depressed and nondepressed patients. Further work is needed to assess if this discrepancy constitutes a true difference in populations or is merely the result of different methods.
We did not find any difference in NK cells in patients with different levels of anxiety. However, our study measured only NK cell number. Tashiro et al described a positive correlation between trait anxiety and NK cell activity, 33 which might suggest that anxiety mediates immune function in a qualitative rather than in a quantitative way. Further investigation is needed since no other studies, to the extent of our knowledge, have investigated the influence of anxiety on NK cell counts in colorectal cancer patients.
Although we found an important association between anger expression-out and NK cell counts, the crosssectional design and the sample size of this research do not allow us to establish causality. Besides, we did not study how this association changed with time or the possible impact of therapeutic interventions. We also could not evaluate the impact on prognosis or major outcomes due to the observational nature of our design.
It is also important to note that only one subset of the immune system (NK cells) was measured and that the immune response in cancer patients is a more complex process. It would be relevant to replicate this study with the inclusion of more subsets of circulating lymphocytes and a qualitative analysis of cellular function. Additionally, evaluating the local immune response (tumor-infiltrating lymphocytes) might cast an additional light in this complex interaction.
Despite these limitations and the different results when compared to other research, this study is an important foundation for further prospective studies. Our work highlighted that the unregulated emotional expression might potentially be associated with a higher risk of immune imbalance and should thus be sought and therapeutic guidance should be offered. The growing number of research stressing the importance of immunity in cancer allows us to hypothesize that intervention aimed at psychological morbidity might not only enhance the quality of life of cancer patients but also their disease prognosis.
CONCLUSION
Our results suggest that Anger Expression-Out influences NK cell count in colorectal cancer patients. Additional studies are needed to further investigate this relation and to ascertain the clinical impact of therapeutic interventions regarding emotional regulation on the antitumoural immune response. 
